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FLEXIBLE POLYOLEFIN THERMAL
INSULATION FOAM AND USE THEREOL,
AND A METHOD FOR PRODUCING A
FLEXIBLE POLYOLEFIN THERMAL
INSULATION FOAM

The present invention relates to a polyolefin thermal
imnsulation foam and use thereof, and to a method {for
preparing a physically foamed polyolefin thermal insulation
foam.

For the thermal insulation of pipes such as hot water
conduits, high and low pressure steam pipes, and pipes for
split-air conditioning, district heating, solar energy exploi-
tation and the process industry, hollow profiles having a wall
ol synthetic foam are used on a large scale.

The most common types of pipe insulation that are
currently commercially available are polyethylene (PE) pipe
insulation and rubber pipe sulation.

PE pipe msulation consists of foam that 1s composed of
thermoplasts and has a density of approximately 35 kg/m".
This type of foam 1s usually produced using physical blow-
ing agents (for mstance 1so-butane) and 1s not crosslinked.
This type of foam has good product properties such as
insulation value, fire behaviour, water vapor transmission
and water absorption capacity. The foam can be recycled
excellently due to 1ts non-crosslinked nature. The foam 1s
prepared 1n a single process, 1.¢. the production takes place
in one step. A drawback of PE pipe insulation material 1s
however that 1t 1s less flexible than rubber pipe 1nsulation as
a result of which 1t 1s dithcult to apply around thin and
twisting pipes. As a result the material 1s not suitable for
some uses such as for istance air conditioning and cooling.

Rubber pipe mnsulation consists of foam that 1s composed
of elastomers and has a density of about 60 kg/m>. This type
of foam 1s often produced using chemical blowing agents
(for instance azo-compounds) and usually 1s crosslinked.
Rubber pipe insulation is a very flexible material that 1s easy
to apply. This type of foam has good product properties such
as 1nsulation value and fire behaviour. A drawback of rubber
pipe msulation 1s that it cannot be recycled and that 1t 1s
relatively heavy (that means that a lot of material 1s neces-
sary for insulation). The water absorption capacity 1s good as
such, but in case of damage to 1ts skin the material behaves
like a sponge and good properties are lost. Another draw-
back of rubber pipe insulation 1s that this maternal 1s pro-
duced using a method comprising three steps: kneading,
extruding and foaming. In combination with the high density
this makes the cost price of rubber pipe isulation higher
than that of PE pipe insulation.

A pipe insulation that 1s flexible, has excellent thermal
insulation capacity, and that can be recycled well was
described mm W002/42679 of the present applicant. The
polyolefin foam disclosed therein 1s made from a basis of
metallocene polyethylene. W0O02/42679 discloses i par-
ticular a thermal insulation foam which 1s made by extrud-
ing, using a physical blowing agent, a foam composition
comprising a metallocene polyethylene, a flame extinguisher
and a cell stabilizer, characterised 1n that said composition
comprises 77-92% by weight of metallocene polyethylene,
5-10% by weight of flame extinguisher, and 3-8% by weight
of cell stabilizer.

The present inventors have however found that there 1s
still a need for improvement with regard to the flexibility of
the foam. The present invention therefore aims to provide a
foam which has excellent thermal insulation capacity, which
can be recycled well and which has excellent flexibility
characteristics.
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2
SUMMARY OF THE INVENTION

In a first aspect the invention therefore provides a non-
crosslinked polyolefin thermal insulation foam having a
percentage of open cells of less than 10% based on the total
cells 1n the foam, obtainable by extruding a mixture com-
prising:

1) an ethylene/o-olefin block copolymer, which comprises
blocks of:

A) crystalline or semi-crystalline blocks characterized by
comprising ethylene 1n an amount of higher than 95
weight %; and

B) elastomeric blocks characterized by comprising ethyl-
enc 1n an amount of 95 weight % or less and a
comonomer content of 5 weight % or higher;

11) one or more random polymers with a density of
between 0,880 g/cm” and 960 g/cm’, selected from the
group ol a metallocene polyethylene and/or a polyethylene;
and

111) a cell stabilizer,

in a process comprising the steps of

a) melting said mixture i the melting zone(s) of the
extruder adjusted to temperatures of 160 to 220° C., at a
pressure increasing from 1 bar up to 400 bar,

b) 1mjecting said physical blowing agent at an 1njection
temperature of 140 to 220° C. and an 1njection pressure of
30 to 300 bar,

¢) cooling the molten mixture 1n one or more cooling
zones adjusted to temperatures of 85 to 115° C., and

d) extruding the mixture through an extrusion nozzle
adjusted to a temperature of 85 to 115° C. and a pressure
sufliciently high to keep any gas present in the mixture
dissolved in the mixture.

In a second aspect, the mnvention relates to a method for
producing a non-crosslinked polyolefin thermal insulation
foam comprising extruding, using a physical blowing agent,
a mixture as defined under the first aspect of the invention,
1n an extruder,

comprising the steps of

a) melting said mixture in the melting zones of the
extruder adjusted to temperatures of 160 to 220° C., at a
pressure increasing from 1 bar up to 400 bar,

b) mjecting said physical blowing agent at an i1njection
temperature of 140 to 220° C. and an 1njection pressure of
30 to 300 bar,

¢) cooling the molten mixture 1n one or more cooling
zones adjusted to temperatures of 85 to 113° C., and

d) extruding the mixture through an extrusion nozzle
adjusted to a temperature of 85 to 115° C. and a pressure
sufliciently high to keep any gas present in the mixture
dissolved 1n the mixture.

In a third aspect the mvention relates to the use of the
non-crosslinked polyolefin thermal insulation foam for ther-
mal 1solation.

The inventors have surprisingly found that while an
cthylene/a.-olefin block copolymer as defined above alone
cannot be foamed to a suitable thermal insulation foam,
when such a block copolymer 1s combined into a composi-
tion with one or more olefin based random polymers with a
density of between 0,880 g/cm” and 960 g/cm”, this com-
position results 1n an excellent thermal 1nsulation foam. The
resulting composition behaves well 1 an extruder.

Moreover, by using the abovementioned polymers, cool-
ing the molten mixture during the preparation process to a
temperature near to and below the point of crystallisation of
the polymers (1.e. 85 to 115° C.), and extruding at an
extruder pressure sufliciently high to keep any gas present in
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the mixture dissolved 1n the mixture, the mixture expands at
a pressure ol 1 atm to a foam with very low percentages of
open cells (<10%) or in other words a foam with percentages
of closed cells of 90% or more based on the total number of
cells. The foam of the invention therefore can be indicated
as a “closed cell foam”. Due to the high percentage of closed
cells the foam of the imnvention has the advantages that it 1s
highly impermeable to moisture and that i1t has a high
insulation value. This makes the foam of the invention
highly suitable for insulation purposes 1n humid environ-
ments.

In general, closed cell foams known 1n the prior art are
inherently rigid in nature and hardly plhable. This makes
these prior art foams unsuitable for insulation of bended
structures or structures of irregular shapes. In contrast, the
foam of the present invention 1s highly flexible 1n combi-
nation with a closed cell structure. Due to the high flexibility
of the foam, pipe nsulation made from the foam according
to the invention 1s easier applied around twisting pipes than
pipe 1sulations from existing polyolefin based foams such
as the one described 1n W0O02/42679. Analogous, when the
foam 1s made 1n the form of a sheet, such sheets can be easier
applied over 1rregular surfaces. Because the foam 1s pre-
pared using physical blowing agents and 1s not chemically
crosslinked, 1t can be recycled easily.

DESCRIPTION OF THE FIGURES

FIG. 1: Flexibility of a pipe msulation of a prior art foam.
FIG. 2: Flexibility of a pipe msulation of an exemplary
foam according to the invention.

DETAILED DESCRIPTION

The mixture used for obtaining the foam according to the
invention comprises: 1) an ethylene/a-olefin block copoly-
mer, 1) one or more olefin based random polymers; and 111)
one or more cell stabilizer.

The ethylene/a-olefin block copolymer comprises blocks
of: crystalline or semi-crystalline blocks characterized by
comprising ethylene in an amount of higher than 95 weights
based on the weight of said crystalline or semi-crystalline
blocks; and elastomeric blocks characterized by comprising
cthylene 1 an amount of 95 weight % or less and a
comonomer content of 5 weight % or higher based on the
weilght of said elastomeric blocks. The terms “soft blocks™
and “elastomeric blocks™ can be used interchangeably. The
terms “hard blocks” and “crystalline or semi-crystalline
blocks™ can also be used interchangeably.

The comonomer content 1n the hard blocks is less than 5
welght percent based on the weight of said hard blocks, and
preferably less than 2 weight percent. The hard blocks may
be comprised of only ethylene or substantially only ethyl-
ene. Elastomeric blocks (soft blocks), on the other hand, are
blocks of polymerized units 1n which the comonomer con-
tent 1s higher than 5 weight percent of the weight of the soft
blocks, preferably higher than 8 weight percent, higher than
10 weight percent, or higher than 15 weight percent. The
comonomer content 1n the soft blocks may even be higher
than 20 weight percent, higher than 25 eight percent, higher
than 30 weight percent, higher than 35 weight percent,
higher than 40 weight percent, higher than 45 weight per-
cent, higher than 50 weight percent, or higher than 60 weight
percent.

The term “crystalline” refers to a block that possesses a
first order transition or crystalline melting point (I'm) as
determined by differential scanning calorimetry (DSC) or
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equivalent technique. The term may be used interchangeably
with the term “semicrystalline”.

The hard blocks may suitably be present in an amount
from 5% to 85% by weight of the block copolymer. The hard
blocks and soit blocks may be connected 1n a linear fashion
to form a linear chain and be randomly distributed along this
chain. The block copolymer suitably comprises said hard
and soft blocks 1n an alternating fashion.

Preferably, the hard blocks comprise at least 98% of
cthylene by weight, and the soit blocks comprise less than
95%, preferably less than 50%, of ethylene by weight.

It 1s preferred that in the block copolymer the oa-olefin
comonomer 1s a C;-C, , a-olefin. Suitable C;-C, , a.-olefins
include styrene, propylene, 1-butene, 1-hexene, 1-octene,
4-methyl-1-pentene, norbornene, 1-decene, 1,5-hexadiene
or a mixture thereof. In a particularly preferred embodiment
said a-olefin 1s 1-octene.

Preferably, ethylene comprises the majority molar frac-
tion of the block copolymer. In this respect 1t 1s preferred that
cthylene comprises at least 50 mole percent of the whole
block copolymer. More preferably ethylene comprises at
least 60 mole percent, at least 70 mole percent, or at least 80
mole percent, with the substantial remainder of the whole
polymer comprising at least one other comonomer that 1s
C;-C,, a-olefin. In case the block copolymer 1s an ethylene/
1 -octene block copolymer, suitable ethylene/1-octene block
copolymers may comprise an ethylene content greater than
80 mole percent of the whole polymer and a 1-octene
content of from 10 to 15 mole percent, preferably from 15
to 20 mole percent of the whole polymer.

In a particularly preferred embodiment said ethylene/c.-
olefin block copolymer comprises alternating blocks of hard
blocks of linear medium-density polyethylene and soft
blocks of ethylene/1-octene. Medium-density polyethylene
(MDPE) 1s a type of polyethylene defined by a density range
of 0,926-0,940 g/cm” (as measured according to ASTM
D792).

Suitable ethylene/a-olefin block copolymers have a den-
sity between 0.800 and 0.880 g/cm” as measured according
to ASTM D792. Other physical properties of suitable eth-
ylene/c.-olefin block copolymers include a melt index (g/10
min (2.16 kg at 190°) as determined in accordance with
ASTM D1238 between 0.5 and 30, preferably between 0.5
and S5 or a DSC melting point between 115 and 125° C., such
as between 118 and 122° C., preferably both of these
physical properties.

Suitable ethylene/a-olefin block copolymers with such
properties are commercially available and may be provided
in the form of granules.

The inventors have observed that said ethylene/o-olefin
block copolymer as defined above on 1t itself cannot be
foamed to a suitable thermal 1insulation foam, because this
block copolymer does not retain gas. The present invention
overcomes this problem by the addition of one or more
random polymers with a density of between 0,880 g/cm” and
0.960 g/cm” (densities are as measured according to ASTM
1)792), selected from the group of a metallocene polyeth-
ylene and/or a polyethylene.

It 1s to be understood that the term “polyethylene™ in this
application encompasses both ethylene copolymers and eth-
ylene homopolymers. In case of a random copolymer, 1t 1s
preferred to use an ethylene/C,-C,, a-olefin random copo-
lymer. Suitable C,-C,, a-olefins in this respect include
styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-
1 -pentene, norbornene, 1-decene, 1,5-hexadiene or a mix-
ture thereol. In a particularly preferred embodiment 1n the
random polymer said o-olefin 1s 1-octene.




US 11,697,720 B2

S

The random polyethylene polymer component contributes
to enhanced melt strength of the produced foam and con-

tributes to foamability. It 1s preferred that said polyethylene
1s LDPE. LDPE 1s defined by a density range of 0,910-0,940
g/cm’. A suitable LDPE may have a melt flow index (MFI)
as determined 1n accordance with ASTM D1238 of less than
1.2, such as 0.65 and a melting temperature between 108 and
118° C., such as between 110 and 115° C. The inventors
have observed that a foaming composition of the ethylene/
a-olefin block copolymers in combination with LDPE
retains gas well, so that a foam can be produced with
suflicient thermal insulation capacity. The nventors have
found that metallocene polyethylene also contributes par-
ticularly to achieving high foamability of materials with low
material density such as the a-olefin block copolymer com-
ponent. The term “metallocene polyethylene™ refers to poly-
cthylenes that are prepared by polymerising ethylene in the
presence ol a metallocene catalyst. For preparing and pro-
cessing metallocene polyethylene reference 1s made to for
instance Kurt W. Schwogger, An outlook for metallocene
and single site catalyst technology into the 21% century,
Antec 98, Processing Metallocene Polyolefines, Contference
Proceedings, October 1999, Rapra Technology, and Pro-
ceedings of 2"? International Congress on Metallocene Poly-
mers, Scotland Conference Proceedings, March 1998. A
preferred metallocene polyethylene for use 1n this mnvention
1s an ethylene based octene metallocene plastomer.

It 1s preferred that in addition to the block copolymer both
a metallocene polyethylene and a polyethylene are included
in the foaming composition. This way optimal melt strength
and foamability are obtained.

While preparing the foaming composition the balance
between the amount of block copolymer component and
amount of the metallocene polyethylene and/or polyethylene
component depends on the precise properties of the com-
ponents that are selected to prepare the foam. It has been
observed that a high amount of block copolymer component
provides high flexibility, but may be detrimental to foam-
ability if too high, while a high amount of the metallocene
polyethylene and/or polyethylene component promotes
foamability, but 1s detrimental to flexibility of the foam 1f too
high. When a block copolymer comprising alternating
blocks of crystalline blocks of linear MDPE and elastomeric
blocks of ethylene/l-octene 1s used, a suitable foaming
composition preferably comprises between 25 and 80 weight
% of said one or more random polymers and 20 and 75
weight % of said block copolymer, based on the weight of
the composition. Preferred compositions comprise between
30 and 70 weight % of said metallocene polyethylene (e.g.
cthylene based octene metallocene) and/or polyethylene
component (e.g. LDPE), such as between 30 and 60 weight
% or between 40 and 50 weight % based on the weight of
the composition. A suitable foam composition mixture may
comprise for mstance 60 weight % of said ethylene/c-olefin
block copolymer, 10 weight % LDPE, and 15 weight %
cthylene based octene metallocene based on the weight of
the composition. Highly preferred foam composition mix-
ture may comprise for istance 20-60 weight % of said
cthylene/o-olefin block copolymer (such as 20 to 40 weight
%), 10-20 weight % LDPE (such as 12.5 to 17.5 weight %),
and 20-40 weight % ecthylene based octene metallocene
(such as 25 to 35 weight %) based on the weight of the
composition. Such compositions result in foams having
optimal melt strength with low foam density in combination
with fine and closed cells, which makes these foams opti-
mally suitable for insulation purposes. A suitable foam
composition mixture may comprise for instance about 30
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weight % of said ethylene/a-olefin block copolymer, about
15 weight % LDPE, and about 30 weight % ethylene based

octene metallocene based on the weight of the composition.

To produce the foam according to the invention, a cell
stabilizer 1s required. Such a cell stabilizer prevents the
blowing agent from escaping from the polymer melt imme-
diately after injection, as a result of which no foam 1is
formed. Any cell stabilizer normally used 1n the art can be
used as cell stabilizer, provided that it does not aflect the
properties of the foam. Examples of suitable cell stabilizers
include cell stabilizers of the type stearic acid amide, glycol
monostearate and fatty acids of glycine. It 1s also possible to
use more than one cell stabilizer. The total quantity of cell
stabilizer in the foam composition mixture may suitably be
about 1-8% by weight, such as between 2-5 weight %, based
on the total quantity of polymers and additives. In the
production process, the cell stabilizer 1s suitably added by
means of for mstance a side feeder, to the polymer mixture
before the mixture 1s melted.

Said foam composition mixture preferably comprises one
or more additives selected from the group consisting of a
flame retardant, a cell nucleator, a colourant, an 1solation
improver, an uv stabilizer, a processing aid, a processing
stabilizer, and an anti-oxidant.

The foam according to the invention very low percentages
of open cells (<10%), or, in other words, percentages of
closed cells of 90% or more. The foam of the invention
therefore can be indicated as a “closed cell foam”. It 1s
preferred that the foam has a percentage of open cells of 6
(+/=3) % or less, such as 8% or less, 7% or less, 6% or less,
5% or less, 4% or less, 3% or less, 2% or less, 1% or less or
substantially no open cells. In accordance, the foam accord-
ing to the mvention has a high percentage of closed cells
(90% or more). In accordance with the above, 1t 1s preferred
that the foam has a percentage of closed cells of 94 (+/-3)
% or more, such as 92% or more, 93% or more, 94% or
more, 95% or more, 96% or more, 97% or more, 98% or
more, 99% or more.

As mentioned above the foam of the imnvention has high
insulation value, namely of 0.040 A40, W/m-K and higher.

A suitable exemplary foam has a density of 10-45 kg/m”,
volumetrically determined, for instance 25-30 kg/m°, a
cross-section of cells between 0.30-0.80 mm and an 1nsu-
lation value of 0.035-0.040 A40, W/m-K.

The non-crosslinked polyolefin thermal msulation foam
according to the invention may suitably be made by extrud-
ing, using a physical blowing agent, a foam composition
mixture as defined under the first aspect of the invention, in
an extruder 1in accordance with the method of the invention,
which comprises the steps of

a) melting said mixture 1n the melting zone(s) of the
extruder adjusted to temperatures of 160 to 220° C., at a
pressure increasing from 1 bar up to 400 bar,

b) mjecting said physical blowing agent at an i1njection
temperature of 140 to 220° C. and an 1njection pressure of
30 to 300 bar,

¢) cooling the molten mixture 1n one or more cooling
zones adjusted to temperatures of 85 to 113° C., and

d) extruding the mixture through an extrusion nozzle
adjusted to a temperature of 85 to 115° C. and a pressure
sufliciently high to keep any gas present in the mixture
dissolved 1n the mixture.

The foam composition mixture preferably 1s a water-free
mixture which 1s made by mixing the solid components
contained therein. Polymers may suitably be provided 1n the
form of granules.
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As blowing agent any substance can be used that 1s liquid
at high pressure, particularly the pressure prevailing in the
extruder used for carrying out the method, but which sub-
stance evaporates at lower pressure. Non-limiting examples
of the blowing agent comprise alkanes having 3 to 8 carbon
atoms, such as for instance propane, butane, 1sobutane and
hexane. The blowing agent 1s brought to a temperature of
140 to 220° C., such as 140 to 180° C., and a pressure of 30
to 300 bar and continuously 1njected 1nto the melted mixture
in the extruder.

It 1s 1mportant that the foaming composition 1s melted
well 1n the extruder, 1.e. the polymer 1s brought 1n the liquid
phase resulting 1n such a viscoelastic behaviour that poly-
mers and additives are mixed well into each other and that
in a later stage also the physical blowing agent 1s incorpo-
rated well mto the polymer mixture. When for the prepara-
tion of the polyolefin foam according to the invention a
mixer 1s used 1n which only low shearing forces are exerted
on the mixture, 1t 1s advantageous to choose such a tem-
perature that the viscoelastic behaviour of the polymer and
additives 1s almost equal.

A parameter to express viscous behaviour 1s the melt flow
index (MFI) (the throughput of material at a certain tem-
perature and pressure). It 1s preferred that polymers are used
with MFI-values of <1.2 g/10 minutes at 2.16 kg (@ 190° C
as determined 1n accordance with ASTM D1238, such as a
MFI-value of 0.65. Such polymers are 1n particularly suit-
able for making large size insulation material. For the
production of smaller size insulation material polymers with
MFI-values of 2-5 g/10 minutes at 2.16 kg @ 190° C. as
determined 1n accordance with ASTM D1238, such as an
MFI value of 2.5 may be also suitable.

To obtain the low percentage of open cells as required for
the foam of the mvention an extruder pressure sufliciently
high to keep any gas present in the mixture dissolved 1n the
mixture 1s necessary in step d). Suitable pressures to keep
the gas completely dissolved 1n the mixture may be deter-
mined by the skilled person depending on the particular
settings of the extruder equipment. For instance, extruder
pressures as measured between the cooling zones and the
extruder nozzle of at least 23 bar are suitable, for instance
between 23 and 30 bar. In particular examples, 1n case of
production of tube insulation it 1s preferred that the extruder
pressure between the cooling zones and the extruder nozzle
does not exceed 40-45 bar, to avoid a risk of shape loss of
the tubes. Realizing a suitable extruder pressure can be
tacilitated by using polymers having suitable MFI-values as
as specified above, in combination with cooling the molten
mixture 1n one or more cooling in step ¢) to a temperature
near to and below the point of crystallisation of the poly-
mers. For this purpose the one or more cooling zones are
adjusted to temperatures of 85 to 115° C. To obtain optimal
results, 1t 1s preferred that cooling takes place gradually or
essentially gradually. The result of this 1s that the process of
expansion takes place after the extrusion step d). The
inventors have found that this leads to low percentages of
open cells 1n the finshed foam 1n the order of less than 10%
open cells, such as 6 (+/-3) % or lower of open cells 1n the
finished foam.

The one or more cooling zones can for instance be
situated 1n the extruder or be situated 1n a melt cooler
coupled to the extruder.

The method of the invention can suitably be carried out on
a single or double screw extruder having an L/D between 30
and 60, provided with mixing parts and a static mixer having
for mstance a throughput of 50 to 600 kg/h.
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The insulation material according to the invention suit-
ably has a wall thickness of 3 to 50 mm at an inner diameter

of 4-130 mm.

EXAMPLES

The following examples are meant to illustrate and not to
limit the 1nvention.

Example 1

To produce a foam composition a mixture was prepared
by mixing the compounds listed below to obtain an exem-
plary foam composition for making an exemplary foam
according to the invention (percentages are weight percent-
ages based on weight of the composition:

23.2% of LDPEFE;

50% of an ethylene/a-olefin block copolymer comprises

alternating blocks of crystalline blocks of linear
medium-density polyethylene and elastomeric blocks
of ethylene/1-octene;

15% of an ethylene based octene plastomer produced with

metallocene catalyst;

2.5% of a glycerol monostearate/stearamide cell stabi-

lizer;

the remainder being additives (tflame retardant, cell

nucleator, 1solation improver, processing aid/stabiliser,
anti1-oxidant).
The polymers used to prepare the foam according have
MFI-values of <1.2 g/10 minutes at 2.16 kg (@ 190° C. as
determined 1n accordance with ASTM D1238.

Example 2

A single screw extruder of the type described above was
provided with an open space of 5-100 mm~, after which the
number ol revolutions was adjusted at 15-40 rpm. The
foaming composition of example 1 was added. The melting
zones of the extruder were adjusted at 160-220° C., the
cooling zones were adjusted at 85-115° C. Blowing agent
(propellant) was injected at an 1njection pressure of 67 bar
and an 1njection temperature ol approximately 170° 1n a
quantity of 20-235 I/h (as liquid). The pressure 1in the extruder
decreased to approximately 23-30 bar at the nozzle of the
extruder, aiter which the mixture expanded to a foam having
a density of 10 to 15 kg/m” in the form of pipe insulation
having an internal diameter of 18-28 mm and a wall thick-
ness of 20-30 mm. The foam has a density of 10-30 kg/m",
volumetrically determined, for instance 10-15 kg/m°>, a
cross-section of cells between 0.30-0.50 mm and an 1nsu-

lation value 01 0.035-0.040 440, W/m-K, and 1s estimated to
have a percentage of less than 6% of open cells.

Example 3

The properties of the pipe 1insulation prepared as
described 1n example 2 were compared to a pipe insulation
as described 1n the example of W002/426°79 which 1s made
of a composition comprising predominantly metallocene
polyethylene, but no block copolymer (Comparative
example). The pipe insulation prepared as described in
example 2 had similar thermal insulation characteristics
compared to the pipe insulation of the comparative example.
Elongation at break, also known as fracture strain, was also
tested. Elongation at break is the ratio between changed
length and 1nitial length after breakage of the test specimen.
It expresses the capability of a material to resist changes of
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shape without crack formation. The elongation at break was
by tensile testing in accordance with EN ISO 527. From
table 2 below 1t appears that the pipe 1nsulation made with
the foam of example 2 has improved elongation at break; 1t
breaks at an elongation of 175%, while the pipe nsulation

of the comparative example breaks at an elongation of
104%.

TABLE 2

Elongation at break

Elongation at break (%o)

Pipe msulation 175
(example 2)
Pipe msulation 104

(Comparative example)

The improved flexibility of the polyolefin thermal insulation
foam of the mvention 1s visualised in the photos shown 1n
FIGS. 1 and 2. The pipe insulations shown n FIGS. 1 and
2 had the same dimensions. In FIG. 1 the pipe insulation of
the comparative example was held in the air horizontal along,
the dotted line, manually holding one end and leaving the
other end unsupported. In FIG. 2 the pipe insulation of
example 2 was held 1n the air horizontal along the dotted line
holding one end and leaving the other end unsupported. It 1s
clear from the photos that the pipe insulation made of a foam
according to the invention (FIG. 2) bends significantly more
than the pipe insulation of the comparative example (FIG.
1), which shows that it has improved flexibility compared to
the pipe 1insulation of the comparative example. This proves
the enhanced flexibility of the polyolefin thermal 1nsulation
foam of the invention.

The 1nvention claimed 1s:

1. A flexible non-crosslinked polyolefin thermal 1mnsulation
foam having a percentage of open cells of less than 10%
based on the total cells in the foam, and which 1s obtain by
extruding a mixture comprising:

1) an ethylene/c-olefin block copolymer, which comprises

blocks of:

A) crystalline or semi-crystalline blocks comprising
cthylene 1n an amount of higher than 95 weight %;
and

B) elastomeric blocks comprising ethylene in an
amount of 95 weight % or less and a comonomer
content of 5 weight % or higher;

wherein the ethylene/a-olefin block copolymer com-
prises alternating blocks of crystalline blocks of
linear medium-density polyethylene, wherein
medium-density 1s defined by a density range of
0.926-0.940 g/cm”, and elastomeric blocks of ethyl-
ene/1-octene;

11) one or more random polymers with a density of
between 0.880 g/cm” and 0.960 g/cm’, selected from
the group of a metallocene polyethylene and/or a
polyethylene; and

111) a cell stabilizer;

wherein the mixture comprises between 20 and 75 weight
% of said ethylene/a.-olefin block copolymer under 1);

in a process comprising the steps of

a) melting said mixture in the melting zone(s) of the
extruder adjusted to temperatures of 160 to 220° C., at
a pressure increasing from 1 bar up to 400 bar,

b) 1njecting said physical blowing agent at an 1njection
temperature of 140 to 220° C. and an 1njection pressure
of 30 to 300 bar,
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¢) cooling the molten mixture 1n one or more cooling

zones adjusted to temperatures of 85 to 115° C., and

d) extruding the mixture through an extrusion nozzle

adjusted to a temperature of 85 to 115° C. and a
pressure suiliciently high to keep any gas present 1n the
mixture dissolved 1n the mixture.

2. The flexible non-crosslinked polyolefin thermal insu-
lation foam according to claim 1, wherein the thermal
insulation foam has a percentage of open cells of 6 (+/-3) %
or less based on the total cells 1n the foam.

3. The flexible non-crosslinked polyolefin thermal insu-
lation foam according to claim 1, wherein cooling the
molten mixture takes place gradually.

4. The tlexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, wherein said o-olefin 1s a
C3-C10 o-olefin.

5. The flexible non-crosslinked polyolefin thermal insu-
lation foam according to claim 1, wherein said ethylene/a-
olefin block copolymer has a density between 0.800 and
0.880 g/cm’.

6. The flexible non-crosslinked polyolefin thermal 1nsu-

lation foam according to claim 1, wherein said polymers
have MFI-values of <1.2 g/10 minutes at 2.16 kg @ 190° C.

as determined 1n accordance with ASTM D1238.

7. The flexible non-crosslinked polyolefin thermal insu-
lation foam according to claim 1, wherein said polyethylene
under 1) 1s LDPE.

8. The tlexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, wherein said metallocene
polyethylene under 11) 1s an ethylene based octene metallo-
cene.

9. The flexible non-crosslinked polyolefin thermal insu-
lation foam according to claim 1, wherein said one or more
random polymers comprise both metallocene polyethylene
and polyethylene.

10. The flexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, wheremn said mixture
comprises one or more additives selected from the group
consisting of a flame retardant, a cell nucleator, a colourant,
an 1solation improver, an UV stabilizer, a processing aid, a
processing stabilizer, and an anti-oxidant.

11. The flexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, wherein the mixture
comprises between 25 and 80 weight % of said one or more
olefin based polymers under 11).

12. The flexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, wherein the mixture
comprises 20-60 weight % of said ethylene/c-olefin block
copolymer, 10-20 weight % LDPE, and 20-40 weight %
cthylene based octene metallocene based on the weight of
the composition.

13. The flexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, which 1s 1n the form of the
cylinder.

14. The flexible non-crosslinked polyolefin thermal 1nsu-
lation foam according to claim 1, which 1s 1n the form of a
sheet.

15. A method for making a flexible non-crosslinked
polyolefin thermal insulation foam comprising extruding,
using a physical blowing agent, a mixture as defined 1n claim
1, in an extruder, said method comprising the steps of

a) melting said mixture 1n one or more melting zones of

the extruder adjusted to temperatures of 160 to 220° C.,
at a pressure increasing from 1 bar up to 400 bar,

b) 1mjecting said physical blowing agent at an 1njection

temperature of 140 to 220° C. and an 1njection pressure
of 30 to 300 bar,
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¢) cooling the molten mixture in one or more cooling
zones adjusted to temperatures of 85 to 115° C., and

d) extruding the mixture through an extrusion nozzle
adjusted to a temperature of 85 to 115° C. and at a
pressure suiliciently high to keep any gas present in the
mixture dissolved in the mixture.

16. The method according to claam 15, wherein said

mixture 1s a water-free mixture.

17. A method for thermally msulating a pipe comprising

the steps of:

(1) providing a flexible non-crosslinked polyolefin ther-
mal insulation foam as claimed in claim 1 to an
extruder; and

(2) extruding the foam from the extruder onto a wall of the

pipe.

10

15

12



	Front Page
	Drawings
	Specification
	Claims

